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ABSTRACT The molar conductance for Nano copper sulfate (CuSO4) in different percentages of dimethylformamide 
(DMF) and water were measured at 292.15, 303.15, 308.15 and 313.15K. From the molar conductance 

for Nano CuSO4 , the solvation parameters like, activity coefficient, association constant, free energy of assocation, en-
thalpy of association and entropy of association were estimated. All these solvation parameters were discussed. 

1. Introduction:
Copper sulfate pentahydrate is a fungicide. However, some 
fungi are capable of adapting to elevated levels of cop-
per ions. Mixed with lime it is called Bordeaux mixture and 
used to control fungus on grapes, melons, and other ber-
ries. Copper ions are highly toxic to fish, so care must 
be taken with the dosage. Most species of algae can be 
controlled with very low concentrations of copper sulfate. 
Copper sulfate inhibits growth of bacteria [1] and can cause 
cell death.Heavy metals causes cancer and changes in hor-
mone balance and hyperthermia. copper salts can form 
the two types of cell death [2]. 

Our purpose is to try to estimate different concentrations 
of Nano copper sulfate to get rid from body and environ-
ment.

2. Experimental 
2.1. Materials 
CuSO4 from Al Nasr chemicals Co. was used without puri-
fication.

DMF of the type Adwic was used.

2.2. Preparation of Nano CuSO4

CuSO4 of the type Adwic was milled by ball - mill. The ball 
– mill was a Retsch MM2000 swing mill with 10 cm3 stain-
less steel , double – walled tube. Two stainless steel balls 
of 12mm diameter and 7 gm weight for each were used. 
Ball-milling was performed at 20225 Hz for half an hour at 
room temperature (without circulating liquid and the tem-
perature did not rise above 30oC).

3. Results and discussion 
3.1. X-ray diffraction 
The X-ray diffraction of Nano copper sulfate in Fig. (1) 
shows that it has about 100% of the structure is CuSO4. 
The axial ratio of a : b : c is 0.519 : 1.000 : 0.5579 . The 
crystal system is triclinic – pinacoidal, the cell dimensions 
are : a = 6.12 , b = 10.7 , c = 5.97,  z = 2 , v = 361.55, 
alpha =97.583 , beta = 107.167 and gamma = 77.55 . The 
forms are ( 0 2 1 ) ( 0 1 0 ) ( 1 3 0 ) ( 1 1 0 ) ( 1 1 1 ) ( 1 0 
0 ) . The density calculated = 2.29 . The cleavage is { 1 1 
0 } imperfect  , { 1 1 0 } indistinct and { 1 1 1 } indistinct .
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Figure (1) X-ray diffraction of Nano copper sulfate
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Conductometric measurments 
In 5 ml of the CuSO4 solution (1.0 x 10-3 M) was placed in 
the titration cell, thermostated at the preset temperature 
and the conductance of the solution was measured after 
the solution reached thermal equilibrium. Then, a known 
amount of solvent was added in a stepwise manner us-
ing a calibrated micropipette. The conductance of the so-
lution was measured after each addition until the desired 
constant reading was achieved. The specific conductance 
values were recorded using conductivity bridge JENCO – 
3173 COND. with a cell constant equal to 1. The conduc-
tometer was conducted with a thermostat of the type the 
Kottermann 4130 ultra thermostat. The temperature was 
adjusted at 293.15, 298.15, 303.15 and 308.15 K.

Results  and discussion
TEM Imagies
Fig. (2) in all images measured by using JEOL HRTEM – 
JEM 2100 (JAPAN) show that TEM of CuSO4 obtained in 
ethanol are irregular spheres in the form of cylinders. The 
diameter in the range of 10-77.86 nm.The small sizes in 
the range between 10, 12.05 to 20.76 nm are collected to 
give bigger sizes till 77.86 nm. These different sizes were 
proved also by x- ray diffraction which gave crystal sizes in 
the same order .The non homogeneity in sizes for Nano 
copper sulfate need controlling during the primary prepa-
ration of the samples.

(A)

(B) 

(C)       

                                                            
(D)
Fig.2  : TEM for Nano copper sulfate
 
Association parameters:
The molar conductance (Λm) values were calculated using 
equation (1) [1-20]:

( ) 1000s solv cell
m

K K K
C

− ×
Λ =           (1)

Where    Ks   and  Ksolv  are  the  specific  conductance  of  
the solution  and the solvent, respectively ;  Kcell is the cell 
constant and C is the molar concentration of the CuSO4 
solution.

By drawing the relation between molar conductance (/\m) 
and C1/2 ,straight lines were obtained from which we ex-
trapolate the line to zero salt concentration to evaluate the 
limiting equivalent conductansce. Figures (3) and (4) show 
the relation between (/\m) and C1/2 .
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                                      C1/2 

Line (A) : 50% DMF – 50% H2O
Line (B) : 60% DMF – 40% H2O
Line (C): 70% DMF – 30% H2O
Fig. (3) The relation between (/\m) and C1/2 .

    C1/2 

Line (A): 80% DMF – 20% H2O
Line (B): 90% DMF – 10% H2O
Line (C): 100% DMF –0% H2O
Fig. (4) The relation between (Λm) and C1/2 .
 
The association constant KA  was calculated by using equa-
tion (2) and the evalualted values are listed in Figures (5) 
and (6) and Tables 1,2,3 and 4 at the different tempera-
tures 292.15 , 303.15 . 308.15 and 313.15K.

KA =   Λ0 (Λ0 - S(Z) Λm)           (2)

CmΛm
2S(Z)2 γ±

2

Table (1) : Association constants KA and Gibbs free en-
ergies of association  (ΔGA) for Nano CuSO4 in mixed 
DMF –H2O solvent at 292.15K.

Xs Cm Λm Λ0 log  γ± KA ΔGA 

0.1894 6.6133 
x 10-4 98 148 -0.0130 1237.0016 -17.2686

0.2595 6.6133 
x 10-4 64 117 -0.0130 2430.4824 -18.9066

0.3528 6.6133 
x 10-4 42 95 -0.0130 4582.3851 -20.4445

0.4831 6.6133 
x 10-4 16.17 33 -0.0130 3677.1722 -19.9112

0.6774 6.6133 
x 10-4 13.8 61 -0.0130 24271.932 -24.4882

1.0000 6.6133 
x 10-4 20 42.4 -0.0130 3811.9270 -19.9983

Table (2) : Association constants KA and Gibbs free en-
ergies of association  (ΔGA) for Nano CuSO4 in mixed 
DMF –H2O solvent at 303.15K.

Xs Cm Λm Λ0 log  γ± KA ΔGA 

0.1894 1.0573 
x 10-3 55.33 149 -0.0164 4650.5556 -21.2776

0.2595 1.0573 
x 10-3 66 125 -0.0164 1727.0843 -18.7817

0.3528 1.0573 
x 10-3 32.5 79 -0.0164 3547.7476 -20.5953

0.4831 1.0573 
x 10-3 20 51 -0.0164 4031.9141 -20.9178

0.6774 1.0573 
x 10-3 17.4 37.4 -0.0164 2520.2434 -19.7337

1.0000 1.0573 
x 10-3 16 35.5 -0.0164 2758.4329 -19.9612

Table (3) : Association constants KA and Gibbs free en-
ergies of association  (ΔGA) for Nano CuSO4 in mixed 
DMF –H2O solvent at 308.15K.

Xs Cm Λm Λ0 log  γ± KA ΔGA 

0.1894 1.9971 
x 10-3 36 71 -0.0226 1011.3887 -17.7209

0.2595 1.9971 
x 10-3 18.07 87.5 -0.0226 10337.895 -23.6743

0.3528 1.9971 
x 10-3 15 65.5 -0.0226 8168.5201 -23.0710

0.4831 1.9971 
x 10-3 27 55 -0.0226 1173.7792 -18.1019

0.6774 1.9971 
x 10-3 13.8 35.5 -0.0226 2247.6213 -19.7661

1.0000 1.9971 
x 10-3 13.8 40 -0.0226 3057.7103 -20.5440

Table (4) : Association constants KA and Gibbs free en-
ergies of association  (ΔGA) for Nano CuSO4 in mixed 
DMF –H2O solvent at 313.15K.

Xs Cm Λm Λ0 log  γ± KA ΔGA 

0.1894 1.8796 
x 10-3 51.20 100 -0.0219 1095.5598 -18.2164

0.2595 1.8796 
x 10-3 43.2 92 -0.0219 1415.7820 -18.8834

0.3528 1.8796 
x 10-3 27.8 67.5 -0.0219 2040.6142 -19.8351

0.4831 1.8796 
x 10-3 17.62 28 -0.0219 550.9342 -16.4269

0.6774 1.8796 
x 10-3 11.95 23.3 -0.0219 1089.6370 -18.2020

1.0000 1.8796 
x 10-3 14.2 22 -0.0219 500.8374 -16.1788
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Series 2 : 60% DMF – 40% H2O
Series 3 : 70% DMF – 30% H2O
Fig. (5) : The relation between KA and 1/T

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

0.00315 0.0032 0.00325 0.0033 0.00335 0.0034 0.00345

1/T

lo
g 

K
A Series1

Series2

Series3
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Fig. (6) : The relation between KA and 1/T
 
The Gibbs free energies of association for each were calcu-
lated by [20-30]:

∆GA = - RT ln KA                      (3) 

The calculated ΔGA values are presented in Tables 1,2,3 
and 4.

The enthalpy changes of assocition (ΔHA) were calculated 
from the plots of log KA against 1/T, (slope = -∆H/2.303 R) 
(Fig. 5 and 6) using Van’t Hoff eqn . [30-43] :

log KA =   - ∆H   .  1  + constant                 (4)
             2.303R    T
Where R is the gas constant and T is the absolute temper-
ature. 

Entropy ∆S were for association calculated [8] by using 

Gibbs-Helmholtz equation (7) [35-41] :   

ΔGA= ΔHA– TΔSA                          (5)

The calculated values of (ΔHA) and (ΔSA) for CuSO4  were 
tabulated in Table (5):

Enthalpies and entropies of assocition data are calculated 
as given before and their data are tabulated in Table (5) at 
313.15K.

Table (5) : Enthalpies and entropies of association for 
Nano copper sulfate at 313.15K.

Xs ΔHs  (kJ/mole) TΔS

0.1894 -21.8319 -3.68155

0.2595 -9.2925 9.5909

0.3528 -16.3555 3.4796

0.4831 -68.6053 -52.1784

0.6774 -112.1565 -93.9545

1.0000 -73.3481 -57.1693

Conclusion
This research focused on the study of conductance meas-
urements for Nano CuSO4. The stability constants of as-
sociation were measured by applying the conductometric 
method at different temperatures. Based on the results, 
the association constrant increase with increase of DMF 
and decrease with increasing temperatures indicating in-
crease in association on adding DMF in solution and dea-
crese by raising temperatute due to the increase in the ki-
netic energy.
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